The mell-known constant-coupling theoryof ferromagnetism has been adapted to the problem of the nematic liquid crystal. A cluster variational formulation of the theory is developed. The calculations are based onan effective pair potential which is derived from the most general form of interaction by taking suitable averages.
In Sec. II we will develop a cluster va, riational approach to the constant-coupling theory of the nematie phase by following the formulation of this method given by Sma, rt. " The effective pair interaction potential used is derived from a general form of intermolecular pair potential by taking suitable averages. Expressions for the long-range order, short-range order, energy, and free energy are then derived and the self-consistency of the theory is explored.
In Sec. III we describe the results of the theory obtained by numerical solution of the equations for a variety of effective interaction potentials. The temperature dependence of the order parameters and thermodynamic quantities are of special interest. As required by experiment, the theory is found to display a first-order nematic to isotropie liquid-phase transition.
Section IV is devoted to a comparison of the results of this theory to those of the mean-field treatxnent, the Monte Carlo calculations, and several other models. The difficulties encountered in other attempts'"" at the cluster variational approach are also examined and resolved. We conclude this paper in Sec. V by comparing our numerical results to experiments on some real nematic materials.
II. FORMULATION A. Pair-interaction potential
The most general form of pair-interaction potential v» between two axially symmetric moleeules can be written in. the form of the Pople expansion" v"(r, (9"@"8"@, ) =4m Q Q Qu~~( r) Il-o I2-0 m " &&,. (~l, vD~*. . .(l , wl) .
Here r is the distance of separation between the centers of the two molecules; 0, ', 0, ', y, ', y2' are the polar angles of the two molecules defined as shown in Fig. 1 ; Y~(8, rp) is the usual spherical harmonic; * denotes complex conjugation; and u~~, (r) are functions of r that vanish for ]m~)L"L, Since v» is a real and even function of y, ' -y2 
It should be noted that n2 -=1 and v, & 0 by definit ion.
B. Cluster variational approach
Our task now is the formulation of a theory so that the thermodynamic properties of the system can be calculated from V». The simplest approach is the mean-field theory, which would further reduce V» into a one-particle potential (denoted as V") by averaging over a.ll possible orientations of molecule 2. Since the singleparticle orientational distribution is expected to be axially symmetric about the director n and therefore independent of y, such an average yields The Qguchi method also yields short-range-order parameters 7L: The effect of including one higher-order term, P,(cos8»), in V"will also be investigated.
A. Thermodynamic properties Theoretics. lly, V"given by Eq. (16) can be directly substituted into Eq. (12) . The resulting where Fig. 2 we present the variation of (P,) and r, vs kT/v, for z= 6. The accurate values of (P,) and 7, at the transition, the transition temperature, and the entropy discontinuity~S are given in Table I [o, P,(cos8,) +o, P,(cos8,)], (35) where the values of o, and 04 at each reduced temperature kT/v, are determined by Eqs. (17a), (17b), (18a), and (18b). It should be remembered that we have dropped all terms higher than P,(cos8) in the expectation that they are small.
In Fig. 9 z=4, 6, 8, 10 are presented in Table I. Figure 13 shows a schematic drawing of the loci of the solutions to t;he self-consistency relation, Eq. (12) . For simplicity of illustration we have only shown the loci in the a,-P plane. However, the arguments presented in the following are equally applicable to the general case. We note in Fig. 13 Eq. (12) [o2(P) gives the loci on the o, -P plane as shown in Fig. 13 ]. Since the value of E is well defined at every point of the loci, Eq.
